In vitro tests employing microdilution to evaluate fungal susceptibility to antifungal drugs are already standardized for fermentative yeasts. However, studies on the susceptibility of dimorphic fungi such as Paracoccidioides brasiliensis employing this method are scarce. The present work introduced some modifications into antifungal susceptibility testing from the European Committee on Antimicrobial Susceptibility Testing (EUCAST), concerning broth medium and reading time, to determine minimal inhibitory concentration (MIC) of amphotericin B and itraconazole against Paracoccidioides brasiliensis. Yeast-like cells of P. brasiliensis (Pb18 strain) were tested for susceptibility to amphotericin B and itraconazole in RPMI 1640 medium, supplemented with 2% glucose and nitrogen source and incubated at 35°C. The MIC of amphotericin B and itraconazole against Pb18 were respectively 0.25 μg/mL and 0.002 μg/mL. The results of minimal fungicidal concentration (MFC) showed that amphotericin B at 0.25 μg/mL or higher concentrations displayed fungicidal activity against Pb18 while itraconazole at least 0.002 μg/mL has a fungistatic effect on P. brasiliensis. In conclusion, our results showed that the method employed in the present study is reproducible and reliable for testing the susceptibility of P. brasiliensis to antifungal drugs.
INTRODUCTION

Paracoccidioidomycosis (PCM), a deep mycosis endemic to Latin America, is caused
by Paracoccidioides brasiliensis, a fungus that presents thermal dimorphism and develops as yeast at body temperature (1) . The clinical manifestations of the infection are equivalent to a chronic granulomatous disease with involvement of the lungs, reticuloendothelial system, mucocutaneous areas and other organs (2) . The fungus enters the human body through inhalation of propagules that can only establish infection once they undergo phase transition to yeast in the pulmonary alveolar epithelium (3). Patients with acute or chronic PCM present symptoms such as malaise, fever, anorexia or weight loss tending to cachexia. In the severe forms of PCM, immune system alterations have been described including hypergammaglobulinemia, high level of specific antibodies, eosinophilia, and depressed general and antigen-specific cellular immunity (4-6).
The treatment of PCM is limited to the utilization of a few drugs including sulfonamides, amphotericin B and imidazole derivatives (ketoconazole, itraconazole and fluconazole). Since it was introduced for therapy, amphotericin B intravenous injection comprises an effective treatment that has been used for patients with severely disseminated mycosis (7, 8) . This drug interacts with the plasma membrane of sensitive fungi, causing impairment of the barrier function and oxidative damage to the cell membrane. Its selectivity results from a higher affinity for the ergosterol component from fungal membranes than for cholesterol from mammalian cells (9, 10) . The introduction of agents such as fluconazole and itraconazole (azole antifungal agents) has provided clinicians with less toxic oral alternatives to amphotericin B, marking a significant improvement in antifungal therapy (11) .
Although methodologies for in vitro susceptibility testing have been available since the early years of antifungal drug development, few studies on antifungal susceptibilities of P. brasiliensis strains have been performed (12) (13) (14) (15) . In vitro tests of P. brasiliensis susceptibility to antimycotic drugs are scarce and the results have not always been consistent due to the diversity of the techniques employed (13, 14, (16) (17) (18) . However, significant progress has been achieved in relation to in vitro susceptibility testing, which aids in the initiation and monitoring of antifungal therapy (19, 20) . The only standardization to determine the MIC is the reference method of the Clinical and Laboratorial Standards Institute (CLSI), adopted for yeasts, which has not been standardized for P. brasiliensis (21) . The EUCAST techniques are characterized by their high reliability and reproducibility, are essential features for identifying organisms unlikely to respond to particular antifungal treatments (22) . This standard is based on the CLSI reference procedure described in the document M27A2 (21) .
In this investigation, we proposed a technique to determine the MIC of amphotericin B and itraconazole against P. brasiliensis using the standard method of EUCAST, which employs RPMI 1640 medium supplemented with 2% glucose for MIC determination by broth dilution of fermentative species of yeasts (22) . Besides, we introduced a modification in this culture medium with the objective of providing a better growth of the fungus in microdilution plate wells and serial dilutions of antifungal agents. This alteration can contribute to the standardization of an adequate methodology for MIC determination of dimorphic fungi.
MATERIALS AND METHODS
Fungus Strain
The P. brasiliensis strain (Pb18) was maintained in yeast cells at 35°C on RPMI 1640 without sodium bicarbonate (Gibco Laboratories, USA) and with L-glutamine (SigmaAldrich Inc., USA) buffered to pH 7.0 with 0.165 M morpholinepropanesulfonic acid (Sigma) and supplemented with 2% glucose, 2% ammonia sulfate, 0.12% asparagine (RPMI-Pb) and 2% agar medium for the three days of culture. Yeast cells were washed and suspended in RPMI-Pb. In order to obtain individual cells, the fungal suspension was homogenized with glass beads in a vortex homogenizer (three cycles of ten seconds) and yeast cell viability was determined by phase-contrast microscopy (23, 24) . Fungal suspensions containing more than 95% viable cells were used for the experiments.
P. brasiliensis Growth
After homogenization, yeast cell suspensions obtained as previously described, were 
Antifungal Agents
The azole derivative employed in the current study was itraconazole (Janssen, Belgium). The amphotericin B was purchased from Sigma. These drugs were obtained from their manufacturers as standard powders, each from a single lot. Stock solutions were prepared at concentrations 100 times the respective highest concentration to be tested, and were frozen in aliquots at -70°C until use.
Determination of Minimal Inhibitory Concentration (MIC)
MIC determination followed EUCAST method by broth dilution of yeast fermentative species with minor modifications. Stock solutions were prepared in dimethyl sulfoxide while the culture medium was RPMI-Pb (22) Final concentrations of amphotericin B and itraconazole were serially diluted from 0.03 to 16 μg/mL and from 0.0001 to 16 μg/mL, respectively. The microdilution plates were incubated at 35°C for 72 hours.
Endpoint Determination
The optical density of each microplate well was measured after 72 hours of incubation with a microplate spectrophotometer set at 492 nm wavelength (Multiskan®, Eflab, Finland). For itraconazole, the MIC endpoint was defined as the lowest drug concentration resulting in at least 50% growth reduction compared with controls, while that of amphotericin B was the lowest concentration that resulted in at least 90% growth reduction compared with the control.
Determination of Minimal Fungicidal Concentration (MFC)
After MIC determination, the microplates were shaken automatically for ten seconds.
Then, 100 μL was removed from each well showing growth inhibition and placed on supplemented brain-heart infusion (BHI) agar medium (Difco Laboratories, USA) plates containing 0.5% gentamicin, 4% horse normal serum, and 5% P. brasiliensis After 14 days, the number of colony forming units (CFU) per plate was counted using a colony counter (Quimis, Brasil). The MFC was defined as the lowest drug concentration from which < 1 colony was visible on the agar plate (26).
Time-kill Curve Procedures
Time-kill methods have provided information regarding rate and antifungal activity. 
Statistical Analysis
Data were statistically analyzed by ANOVA using the GraphPad software package (GraphPad Instat®, version 3.05, USA) and compared by the Tukey-Kramer test, at the significance level p < 0.05.
RESULTS
The results of spectrophotometric evaluation of fungus growth showed that 1 x 10 4 yeast cells/well and 72 hours of incubation were, respectively, the best fungus concentration and incubation time to test for antifungal susceptibility. The fungus growth rate was confirmed by CFU recovery at different moments of culture ranging from 0 to 168 hours of incubation at 35°C. At 72 hours, the highest growth rate was 3.9 times higher than those obtained at the initial culture time (time zero). This elevated growth was maintained up to 120 hours, after which, the fungus recovery diminished significantly (Table 1) . Thus, 72-hour incubation was chosen since it revealed high viability after samples were plated on BHI agar medium. The MIC values for amphotericin B and itraconazole against Pb18 strain obtained by this procedure were respectively 0.25 μg/mL and 0.002 μg/mL. The antifungal effect of amphotericin B and itraconazole was determinated by MFC employing P. brasiliensis at MIC multiples ranging from 0.25 x MIC to 4 x MIC. The fungal growth obtained was expressed in Figure 1 . The results of MFC showed that amphotericin B at 0.25 μg/mL or higher concentrations displayed significant fungicidal activity against Pb18 in a 72-hour culture ( Figure 1A ). This amphotericin B dose is coincident with the MIC concentration and inhibited 90% of P. brasiliensis growth. Thus, the amphotericin B concentration was established as MFC. Evaluation of MFC for itraconazole showed that the MIC value corresponding to 0.002 μg/mL led to 50% fungus growth inhibition that was maintained at higher antifungal concentrations ( Figure 1B) . These results indicate that itraconazole presents fungistatic effects on P. brasiliensis. Since the MFC for itraconazole was not obtained, time-kill studies for itraconazole were not performed. 
Time-kill Curves
Colony counts of P. brasiliensis as a function of time for amphotericin B are presented in Figure 2 . A pronounced concentration-dependent fungicidal activity was observed. The 0.5 μg/mL concentration had already killed 100% of the fungus at 36 hours, while at 0.25 μg/mL of amphotericin B, this effect was only observed at 120 hours. Thus, at 0.5 μg/mL, amphotericin B exhibited fungicidal activity with a higher 
DISCUSSION
In the present study, we proposed modifications on a broth microdilution method for testing susceptibility of P. brasiliensis to amphotericin B and itraconazole. So far, the MIC of amphotericin B and azoles for P. brasiliensis isolates were determined using broth macrodilution procedures (29) (30) (31) .
Broth microdilution antifungal tests are similar to broth macrodilution tests; however, they require smaller amounts of medium and reagents, including the antifungal drugs. Even though antifungal broth microdilution tests are not as widely used as broth macrodilution assays, some laboratories employ them more frequently with yeasts because their cost is lower and they are less cumbersome (32) (33) (34) . The EUCAST evaluation for yeasts is based on the CLSI reference procedure described in the document M27-A2 (21), but includes some modifications to allow for automation of the method and permit the incubation period to be shortened from 48 to 24 hours, thus decreasing the subjectivity and increasing the sensitivity of the assay (35) . A multicenter evaluation has demonstrated that the EUCAST procedure for antifungal susceptibility testing is a reproducible method, with 94% agreement among laboratories (22) . Nonetheless, this methodology has not yet been established to test antifungal drugs for dimorphic fungi. As RPMI 1640 has not been considered a medium suitable for studies of P. brasiliensis growth, and McVeighMorton (MVM) medium provided efficient fungus growth, we compared the two medium chemical compositions and supplemented RPMI 1640 with 2% glucose and nitrogen sources such as asparagine and ammonium sulfate (30) . Thus, we proposed these modifications in RPMI 1640 medium and a inoculum size of 1 x 10 4 cells, and observed a prolific growth of P. brasiliensis to MIC determination.
The growth medium composition can significantly influence growth characteristics of fungi. The impact of medium selection is evident not only on the rate and degree of growth, but also on the apparent in vitro susceptibility of isolates to various antifungal agents (17) . Furthermore, previous studies indicated that glucose supplementation, large inoculum size, and spectrophotometric reading may serve as a less subjective method than visual assessment to evaluate fungal growth in the presence of antifungal agents (36) (37) (38) . RPMI supplemented with glucose has been indicated as aiding in the growth of yeasts and may simplify endpoint determination due to higher turbidity of the growth control (37, 39, 40) .
The results obtained with amphotericin B and itraconazole are similar to those reported by other authors that employed different techniques and other culture media to evaluate the P. brasiliensis sensibility to antifungals in vitro (29) (30) (31) . Nakai et al. According to the EUCAST, MFC is defined as a one-thousand-fold reduction in CFU compared to the control value (22) . In the present study, we defined MFC as the lowest amphotericin B concentration at which ≤ 10 colonies were visible on the plate.
The time-kill curve method confirmed that amphotericin B at 0.25 μg/mL concentration displayed fungicidal activity against P. brasiliensis in a 72-hour culture.
Additionally, the time-kill curve revealed a dynamic relationship between amphotericin B and its effects on P. brasiliensis.
Therefore, the present findings suggest that it is possible to use more efficient and economical broth microdilution to test antifungal drugs against P. brasiliensis. The spectrophotometric method offers an advantage over the visual method by providing a more objective and automated MIC determination. In conclusion, the methodology employed in the current study is easy to perform, economical, reproducible and reliable for testing the susceptibility of P. brasiliensis to antifungal drugs.
